FP04-0318-00US-HP 



CLAIMS 

1. A method of measuring concentrations of first to mth 
(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample, using an imaging device having first to kth (where k is an 
integer of 2 or more) different detection wavelength bands, portions of 
the detection wavelength bands overlapping any adjacent bands, 
comprising: 

preparing first to mth reference samples each containing only 
one of the first to mth fluorescent dyes respectively at predetermined 
unit concentrations, and acquiring a measured intensity of fluorescence 
emitted from each reference sample in each detection wavelength band; 

taking a fluorescence image of the target sample in each 
detection wavelength band using the imaging device; and 

executing an operation represented by a formula below, to 
calculate concentrations Ci - Cm of the first to mth fluorescent dyes at a 
site in the target sample. 



[Formula 24] 
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where Oi - Ok represent values of pixels in the fluorescence 
images of the target sample taken in the first to kth detection 
wavelength bands, the pixels corresponding to the site, J is a kxm 
matrix, and a component Jy in the ith row and jth column (where i is any 
integer from 1 to k, and j is any integer from 1 to m) in J is the 
measured intensity in the ith detection wavelength band of the 
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fluorescence emitted from the jth reference sample. 

2. A method according to Claim 1 , wherein the imaging device 
includes a multiband camera having the first to kth detection 
wavelength bands, 

wherein the acquiring a measured intensity of fluorescence 
emitted from each reference sample in each detection wavelength band 
includes taking the fluorescence image of each reference sample in each 
detection wavelength band using the multiband camera and acquiring a 
value of a pixel from each fluorescence image, the pixel representing a 
site emitting the fluorescence in each reference sample, and 

wherein the calculation of the concentrations Ci - Cm of the first 
to mth fluorescent dyes includes using the value of the pixel acquired 
from the fluorescence image of the jth reference sample taken in the ith 
detection wavelength band as the component Jy in the matrix J. 

3. A method according to Claim 1 , wherein the imaging device 
includes a multiband camera having the first to kth detection 
wavelength bands, and 

wherein the acquiring a measured intensity of fluorescence 
emitted from each reference sample in each detection wavelength band 
includes measuring spectral intensities of the fluorescence emitted from 
each reference sample using a spectrometer, and calculating the 
measured intensity in each detection wavelength band of the 
fluorescence emitted from each reference sample, using the spectral 
intensities and a sensitivity characteristic of the multiband camera for 
each detection wavelength band. 

4. A method of measuring concentrations of first to mth 
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(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample using an imaging device having first to kth (where k is an 
integer of 2 or more) different detection wavelength bands, portions of 
the detection wavelength bands overlapping any adjacent bands, and the 
imaging device having first to qth (where q is an integer of 2 or more) 
sensitivity modes for setting different sensitivity characteristics of the 
imaging device, comprising: 

preparing first to mth reference samples each containing only 
one of the first to mth fluorescent dyes respectively at predetermined 
unit concentrations, and acquiring a measured intensity of fluorescence 
emitted from each reference sample in each detection wavelength band 
and in each sensitivity mode; 

taking a fluorescence image of the target sample in each 
detection wavelength band and in each sensitivity mode using the 
imaging device; and 

executing an operation represented by a formula below, to 
calculate concentrations Ci - Cm of the first to mth fluorescent dyes at a 
site in the target sample, 
[Formula 25] 
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where Py (where v is any integer from 1 to q) is a kx 1 matrix, a 
component Piv in the ith row (where i is any integer from 1 to k) in Py is 
a value of a pixel in the fluorescence image of the target sample taken in 
the ith detection wavelength band and in the vth sensitivity mode using 
the imaging device, the pixel corresponding to the site, Ji a (k q)xm 
matrix, and a component Liyj in the ith row in a component matrix Lyj 
(where j is any integer from 1 to m) in Ji the measured intensity in the 
ith detection wavelength band and in the vth sensitivity mode of the 
fluorescence emitted from the jth reference sample. 

5. A method of measuring concentrations of first to mth 
(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample using an imaging device having first to kth (where k is an 
integer of 2 or more) different detection wavelength bands, portions of 
the detection wavelength bands overlapping any adjacent portions, 
comprising: 

preparing first to mth reference samples, each reference sample 
containing only one of the first to mth fluorescent dyes respectively at 
predetermined unit concentrations, illuminating the first to mth 
reference samples with each of first to rth (where r is an integer of 2 or 
more) excitation beams having different wavelength spectra for exciting 
ail the first to mth fluorescent dyes, and acquiring a measured intensity 
in each detection wavelength band of fluorescence emitted from each 
reference sample; 

illuminating the target sample with each excitation beam and 
taking a fluorescence image of the target sample in each detection 
wavelength band using the imaging device; and 
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executing an operation represented by a formula below, to 
calculate concentrations Ci - Cm of the first to mth fluorescent dyes at a 
site in the target sample. 



[Formula 26] 
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where Qu (where u is any integer fi-om 1 to r) is a kx 1 matrix, a 
component Qiu in the ith row (where i is any integer fi-om 1 to k) in Qu a 
value of a pixel in the fluorescence image of the target sample taken in 
the ith detection wavelength band upon illuminating the target sample 
with the uth excitation beam, the pixel corresponding to the site, J2 a 
(k-r)xm matrix, and a component Tiuj in the ith row of a component 
matrix Tuj (where j is any integer from 1 to m) in J2 the measured 
intensity in the ith detection wavelength band of the fluorescence 
emitted from the jth reference sample upon illuminating the jth 
reference sample with the uth excitation beam. 

6. A method according to any one of Claims 1 to 5, wherein 
the imaging device includes one or more imaging devices for taking the 
fluorescence images of the target sample in the first to kth detection 
wavelength bands to generate first to kth image signals, and an 
arithmetic circuit to which the first to kth image signals are fed, 
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wherein the calculation of the concentrations Ci - Cm of the first 
to mth fluorescent dyes includes a process in which the arithmetic 
circuit executes the operation using the first to kth image signals, 

the method further comprising: causing the arithmetic circuit to 
calculate the concentrations Ci - Cm at a plurality of sites in the target 
sample and to generate first to mth image signals indicating 
concentration distributions of the first to mth fluorescent dyes. 

7. A system for measuring concentrations of first to mth 
(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample, comprising: 

a photodetector for detecting fluorescence emitted fi-om each of 
first to mth reference samples each containing only one of the first to 
mth fluorescent dyes respectively at predetermined unit concentrations, 
and for measuring an intensity of the fluorescence; 

an imaging device having first to kth (where k is an integer of 2 
or more) different detection wavelength bands and configured to take a 
fluorescence image of the target sample in each detection wavelength 
band, portions of the detection wavelength bands overlapping any 
adjacent bands; and 

an arithmetic device for executing an operation represented by a 
formula below, to calculate concentrations Ci - Cn, of the first to mth 
fluorescent dyes at a site in the target sample, 



[Formula 27] 
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where Oi - Ok are values of pixels in the fluorescence images of 
the target sample taken in the first to kth detection wavelength bands, 
the pixels corresponding to the site, J is a kxm matrix, and a component 
Jij in the ith row and jth column (where i is any integer from 1 to k, and j 
any integer from 1 to m) in J the intensity in the ith detection 
wavelength band of the fluorescence emitted from the jth reference 
sample, measured by the photodetector. 

8. A system according to Claim 7, including a multiband 
camera having the first to kth detection wavelength bands as the 
photodetector and the imaging device, 

wherein the photodetector takes the fluorescence image of each 
reference sample in each detection wavelength band, and acquires a 
value of a pixel representing a site emitting the fluorescence in each 
reference sample, from each fluorescence image, and 

wherein the arithmetic device uses a value of the pixel acquired 
from the fluorescence image of the jth reference sample taken in the ith 
detection wavelength band as the component Jy of the matrix J, 

9. A system according to Claim 7, wherein the photodetector 
includes a spectrometer for measuring spectral intensities of the 
fluorescence emitted from each reference sample, 

wherein the imaging device includes a multiband camera having 
the first to kth detection wavelength bands, and 

wherein the arithmetic device calculates an intensity in each 
detection wavelength band of the fluorescence emitted from each 
reference sample, using the spectral intensities and a sensitivity 
characteristic of the multiband camera for each detection wavelength 
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band, and uses the calculated intensities as components of the matrix J. 

10. A system for measuring concentrations of first to mth 
(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample, comprising: 

a photodetectpr for detecting fluorescence emitted from each of 
first to mth reference samples each containing only one of the first to 
mth fluorescent dyes respectively at predetermined unit concentrations; 

an imaging device having first to kth (where k is an integer of 2 
or more) different detection wavelength bands and having first to qth 
(where q is an integer of 2 or more) sensitivity modes for setting 
different sensitivity characteristics of the imaging device, the imaging 
device taking a fluorescence image of the target sample in each 
detection wavelength band and in each sensitivity characteristic, 
portions of the detection wavelength bands overlapping any adjacent 
bands; and 

an arithmetic device for executing an operation represented by a 
formula below, to calculate concentrations Ci - Cm of the first to mth 
fluorescent dyes at a site in the target sample, 
[Formula 28] 
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where Pv (where v is any integer from 1 to q) is a kx 1 matrix, a 
component Pjv in the ith row (where i is any integer from 1 to k) in Pv a 
value of a pixel in the fluorescence image of the target sample taken in 
the ith detection wavelength band and in the vth sensitivity mode, the 
pixel corresponding to the site, Ji a (k q)xm matrix, and a component 
Liyj in the ith row of a component matrix Lyj (where j is any integer from 

1 to m) in Ji the measured intensity in the ith detection wavelength band 
and in the vth sensitivity mode of the fluorescence emitted from the jth 
reference sample. 

11, A system for measuring concentrations of first to mth 
(where m is an integer of 2 or more) fluorescent dyes contained in a 
target sample, comprising: 

a light source for generating first to rth (where r is an integer of 

2 or more) excitation beams having different wavelength spectra for 
exciting all the first to mth fluorescent dyes; 

a photodetector for measuring an intensity of fluorescence 
emitted from each of first to mth reference samples upon illuminating 
each reference sample with each excitation beam, each reference sample 
containing only one of the first to mth fluorescent dyes respectively at 
predetermined unit concentrations; 

an imaging device having first to kth (where k is an integer of 2 
or more) different detection wavelength bands and configured to take a 
fluorescence image of the target sample in each detection wavelength 
band upon illuminating the target sample with each excitation beam, 
portions of the detection wavelength bands overlapping any adjacent 
bands; and 
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an arithmetic device for executing an operation represented by a 
formula below, to calculate concentrations Ci - Cm of the first to mth 
fluorescent dyes at a site in the target sample, 
[Formula 29] 
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where Qu (where u is any integer from 1 to r) is a kx 1 matrix, a 
component Qiu in the ith row (where i is any integer from 1 to k) in Qu a 
value of a pixel in the fluorescence image of the target sample taken in 
the ith detection wavelength band upon illuminating the target sample 
with the uth excitation beam, the pixel corresponding to the site, J2 a 
(k r)xm matrix, and a component Ti^j in the ith row of a component 
matrix Tuj (where j is any integer from 1 to m) in J2 the measured 
intensity of the fluorescence in the ith detection wavelength band upon 
illuminating the jth reference sample with the uth excitation beam. 

12. A system according to any one of Claims 7 to 11, wherein 
the imaging device includes one or more imaging devices for taking the 
fluorescence images of the target sample in the first to kth detection 
wavelength bands to generate first to kth image signals, and an 
arithmetic circuit as the arithmetic device to which the first to kth image 
signals are fed, and 
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wherein the arithmetic circuit executes the operation using the 
first to kth image signals to calculate the concentrations Ci - Cm at a 
plurality of sites of the target sample, and generates first to mth image 
signals indicating concentration distributions of the first to mth 
fluorescent dyes. 
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